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South AfricaA complex set of variables may explain biodiversity patterns both locally and regionally. Evidence exists that
greater plant species richness can be associated with localised areas containing a greater percentage of rock
exposure. Here, we test whether this is the case at the landscape scale, using semi-natural Afro-montane
grassland in southern Africa. Plants were inventoried, percentage rock exposure calculated, and each site
graded according to three levels of rockiness. Soil samples from each site were then analysed for particle
size, as well as for levels of carbon, nitrogen and available phosphorus. Species richness and the composition-
al similarity of assemblages were compared between the three rockiness categories. Plants were then
categorised into their respective growth forms, and species richness within each group compared across
the rockiness categories. Greater species richness in rockier landscapes was driven by two particular plant
growth forms, geophytes and perennial grasses. However, no overall plant assemblage compositional
changes were recorded between the various rockiness categories, indicating that very few species are not as-
sociated with rocky areas in some way in this landscape. This shows that plant species within certain func-
tional groups are naturally more responsive to certain abiotic ecosystem elements than others across a
landscape. In turn, this highlights the signiﬁcance of high habitat heterogeneity in structuring plant commu-
nities. Consequently, when an abiotic feature such as rockiness is observed across a landscape, it provides a
surrogate for the spatial heterogeneity of certain plant communities.
© 2013 SAAB. Published by Elsevier B.V. All rights reserved.1. Introduction
Distribution patterns of species are typically inﬂuenced by eco-
physiological constraints, environmental disturbances such as droughts
or habitat fragmentation, and resources such as nutrients (reviewed in
Guisan and Thuiller, 2005). In turn, abiotic factors often have a great
inﬂuence on community dynamics, including species abundance, as
opposed to compensatory interactions such as competition (Houlahan
et al., 2007). However, competitive exclusion within communities is a
major principle for explaining why some areas naturally display higher
species richness than others (Palmer, 1994). The competitive exclusion
principle suggests that greater competition within a community would
mostly lead to lower species richness. Theoretically then, at a smaller
spatial scale, areas of higher species richness could indicate higher
habitat heterogeneity, as variable microsite conditions often exhibit
more complex resource differentiation and specialisation (Auerbach
and Shmida, 1987). For example, there is an important positive relation-
ship between plant species richness and variable environmental condi-
tions at the local or meso-scale (tens to hundreds of metres) (Bruun et
al., 2003; Dufour et al., 2006). This highlights the use of environmental+27 21 808 4821.
by Elsevier B.V. All rights reservedpredictors at a landscape scale to describe biodiversity patterns, and
could be of value in conservation evaluation.
Greater percentage surface rockiness in a landscape (i.e. exposed
rock surface rather than soil-covered rock) is associated with higher
plant species richness in Afro-montane grasslands (Crous et al.,
2013). Furthermore, higher abundance of geophytic orchids is also
linked to more rocky patches within grassland landscapes (Landi et
al., 2009). In essence, there seems to be a link between surface rock
exposure, specialised plant growth forms, and plant biodiversity pat-
terns across the landscape. However, the reason why more plant spe-
cies are speciﬁcally associated with high levels of rockiness still
remains to be explained.
A review by Poesen and Lavee (1994) emphasised how rocky soils
could 1) signiﬁcantly inﬂuence soil hydrological processes through an
intricate combination of reducing soil moisture availability in some
instances, whereas allowing for better water inﬁltration in others
(see also Ingelmo et al., 1994); 2) affect the soil temperature, which
may inﬂuence plant physiological processes; 3) positively and nega-
tively regulate soil erosion as caused by wind; and 4) signiﬁcantly
inﬂuence the potential of a soil to produce a certain level of plant bio-
mass through affecting soil volumes and potential plant rooting
depths. This diverse and complex array of effects of surface rocks on
soils, and consequently plants, can even further be complicated by
the effect of subsurface weathering patterns of rocks (Rutherford,.
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viding vital shade for certain species in their early growth phases
(Peters et al., 2008). In addition, rocks in a landscape also provide
ﬁre protection to plants (Kirkpatrick et al., 1988). As such, the inﬂu-
ence of rock exposure on vegetation patterns is complex. Nonethe-
less, habitats with high surface rockiness can be seen as providing
greater structural complexity of the landscape (greater microhabitat
heterogeneity), which will ultimately inﬂuence ﬂoral composition in
some way (Lambrinos et al., 2006).
In addition, soil nutrient levels of elements such as carbon and
nitrogen explain variable levels of species richness among grassland
vegetation, in addition to rockiness (Maccherini, 2006), indicating a
probable link between rockiness and nutrients (see also Poesen and
Lavee, 1994). Available phosphorus in soils also inﬂuences the pro-
portion of plant growth forms (Dorrough and Scroggie, 2008). There
is also evidence that patterns in grassland species richness could be
explained by differences in soil types (a measure of habitat heteroge-
neity) (Bruun, 2000).
In view of insufﬁcient information explaining why higher plant
species richness is associated with rockiness, we investigate here
the reasons for this in an Afro-montane grassland landscape, speciﬁ-
cally at the meso-scale. We explore whether species distribution
variation at this scale is an artefact of the inherent, indirect, ecological
association of different specialist plant growth forms to heteroge-
neous microsite conditions, as generated by variable levels of rocki-
ness (sensu Auerbach and Shmida, 1987; Poesen and Lavee, 1994;
Thomson et al., 1996; Lambrinos et al., 2006). We also determine
whether there exist edaphic correlates of rockier patches at the
meso-scale, such as soil texture (which links to soil hydraulic charac-
teristics) and soil nutrients, and whether such relationships can help
explain the rockiness-plant diversity interaction. By addressing these
issues, we can view the landscape not simply as a random assortment
of species, but as a way of understanding the role of certain functional
groups and their abiotic correlates in structuring plant biodiversity
patterns (Purvis and Hector, 2000).
2. Methods
2.1. Study area
The study was undertaken within the 16 000 ha Merensky Forestry
estate atWeza, nearKokstad, KwaZulu-Natal, South Africa (S 30°34.855,
E 029°44.726). A map of the area is given in Crous et al. (2013). Around
4200 ha semi-natural open spaces are on the estate, the remainder
being commercial plantation forestry. These remnants are classiﬁed
mostly in the endangered Midlands Mistbelt Grassland vegetation
type (Mucina and Rutherford, 2006). The endangered status of this
vegetation type is drivenmainly by the threat of landscape transforma-
tion by forestry plantations in the area. These grasslands are dominated
by the grass Themeda triandra Forssk. All selected siteswere classiﬁed as
semi-natural, as all were annually burned by forestry management for
>6 decades. This ﬁre frequency produces dense productive grasslands
(Tainton and Mentis, 1984), which would naturally be induced by
between one and ten ground lightning ﬂashes km−2 yr−1 (Edwards,
1984).Moreover, grazing is minimal within these remnants, and conse-
quently ﬁre is the main ‘herbivore’ in this landscape (Bond and Keeley,
2005). All sampling was done >30 m away from the commercial plan-
tation edge so as to reduce sampling bias due to edge effects (Bieringer
and Zulka, 2003; Pryke and Samways, 2012).
The geology is sand- and siltstones from the Ecca group. Weath-
ered resistant dolerite dykes are also present. The maximum height
of the mountains is 2200 m a.s.l., above an undulating landscape
with minimum elevation of 900 m a.s.l. This is a summer rainfall
region, where most precipitation is between November and March.
Annual precipitation varies ~1000 mm per annum in the low lying
areas, to 1500 mm on the mountain peaks. Mean daily maximumtemperature ranges from 17.6 °C in June to 26 °C in January. Mean
daily minimum temperature range from 0.1 °C in June to 13.4 °C in
January.
2.2. Vegetation sampling
Thirteen vegetation sampling sites were selected within the rem-
nant semi-natural open spaces (sites in map in Crous et al. (2013),
with sites 2, 4, 5, 17 and 18 not sampled). Sampling was undertaken
between January and February 2011 through a ﬁxed grid sampling
design, where samples are taken at ﬁxed intervals along a determined
gradient (Whalley and Hardy, 2000). This sampling method is rela-
tively easy to perform in the ﬁeld, and leads to rapid yet accurate
acquisition of data on species distribution and abundance within a
study area (Tucker et al., 2005). Within this design, we used point
intercept line transects, as this method has been shown to be relevant
and insightful for biodiversity studies in these grasslands (Everson
and Clarke, 1987; Armstrong et al., 1994).
Field methods were similar to Hayes and Holl (2003), where a
measuring tape, 50 m long, was used to record all plant species that
intercept a 1.8 mm-diameter pin every 1 m (51 points per transect).
For grasslands, a dense vegetation type, transects of 50 m are seen
as adequate (Rich et al., 2005). A total of four 50 m transects were
placed within each of the thirteen sites, each transect being 15 m
away from another, effectively having 204 points per site. Surface
rockiness was calculated by adding all rock pin hits (any rocky surface
>10 cm in diameter) from the four transects, divided by the total
number of pin hits (204), from which a percentage rockiness was
then calculated for each site. In addition, a one metre belt, perpendic-
ular to the line transect, was time-searched (15 min) after each tran-
sect measurement, as a means for recording a more comprehensive
species list that could include short lived annual plants (Hayes and
Holl, 2003).
To avoid pseudoreplication, sites of higher rockiness were inter-
spersed with those of intermediate and lower rockiness across the
study area, with the minimum distance between similar sites being
400 m. In addition, to make sure we capture the effect of rockiness
on ﬂora, sites were chosen to minimise possible elevation effects
(exclusion of sites 2, 4, 5, 17 and 18, data not shown here). This
ensured a similar plant species composition across the selected 13 sites.
2.3. Soil analysis
At each site, 10 soil samples were taken at ~5–10 cm depth, and
then bulked. Bulked samples were air dried until a constant weight
was achieved, and passed through a 2 mm sieve. Samples were
analysed for soil texture (sand, silt and clay particle sizes) according
to the pipette method (Gee and Bauder, 1986). Plant available phos-
phorus content was determined using the Bray 2 extraction method
(Kuo, 1996). Carbon and nitrogen content was calculated by dry com-
bustion using a EuroVector Elemental Analyzer.
2.4. Statistical analysis
All plant species (n = 210) were classiﬁed into six growth forms:
Annual Graminoids (Poaceae and Cyperaceae), Perennial Graminoids
(Poaceae and Cyperaceae), Annual Forbs (herbaceous dicots), Peren-
nial Forbs, Geophytes (herbaceous monocots), and Shrubs (woody
dicots) (classiﬁcations as per Dorrough and Scroggie, 2008). Ferns
are also a separate growth form, but as only one fern species was
recorded here, we omitted it from the analysis. The soil texture data
were classiﬁed as percentage sand, silt and clay. Soil nutrients were
percentage carbon (C) and nitrogen (N), and available phosphorus
(P) (mg⋅kg−1). The 13 sites were then classiﬁed in three rockiness
categories: b8% rocky (n = 4), intermediate rockiness (8–16%) (n = 5),
and >16% rocky (maximum of 29%) (n = 4). To justify this classiﬁcation,
Table 2
Generalized linear modelling of total species richness and its signiﬁcant plant growth
form correlates across percentage rockiness at the meso-scale.
df Wald statistic P-value
Total species richness 1 20.702 b0.001
Perennial grass richness 1 13.149 b0.001
Geophyte richness 1 27.401 b0.001
Values in bold are signiﬁcant at the 5% level.
n = 13.
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for homogeneity using a Shapiro–Wilk test (Statistica Release 10,
StatSoft, Inc.). The points were normally distributed around the
mean. Percentage rockiness was presented as a three-way classiﬁca-
tion to simulate a step-wise increase in rockiness as was measured
across this landscape at the meso-scale.
To explore the relationship between soil edaphic variables, total
species richness, and plant growth form species richness, a Spearman
rank correlation table was constructed. To explore the contribution of
percentage rockiness to species richness and the signiﬁcant plant
growth form correlates of total species richness, we made use of
generalized linear models (GLZ) (McCulloch et al., 2008) in Statistica
Release 10 (StatSoft, Inc.). Shrubs were left out of this analysis as only
nine individuals were counted in total. Each response variable had a
normal distribution and an identity-link function.
All plant and soil categories were tested for normality and their
variances tested for homogeneity using a Shapiro–Wilk test (Shapiro
and Wilk, 1965) (Statistica Release 10, StatSoft, Inc.). Pertaining to
ﬂora, annual graminoids and shrubs were not normally distributed,
thus non-parametric Kruskal–Wallis one-way analysis of variance
was performed (Statistica Release 10, StatSoft, Inc.). Signiﬁcant differ-
ences between rockiness groups were calculated using pairwise
multiple comparisons of means. For all other categories, a one-way
analysis of variance (ANOVA) was used to compare species and growth
form richness across the rockiness categories. This was followed by a
Fisher LSD post-hoc test to identify any pairwise differences between
rockiness (Statistica Release 10, StatSoft, Inc.). Pertaining to soil classiﬁ-
cation and nutrient groups, values for nitrogen were not normally dis-
tributed, for which a Kruskal–Wallis one-way analysis of variance was
performed. All other groups were normally distributed, and hence we
also used one-way ANOVAs, followed by a Fisher LSD post-hoc test to
identify any pairwise differences between rockiness categories.
To explore whether differences in species composition across study
sites (if any) could be a function of rockiness, we used permutational
multivariate analysis of variance (PERMANOVA) (Anderson, 2001) in
PRIMER 6 (PRIMER-E, 2008). We used an overall test, comparing spe-
cies composition across rockiness. In addition, PERMANOVA was used
to determine compositional differences within plant growth forms
which differed in species richness when compared across the rockiness
index. PERMANOVA results are reported as P-values, where a signiﬁcant
P-value then indicates a signiﬁcant difference (at the 5% level) between
levels (groups) of a studied factor. Analyses were performed using
Bray–Curtis similarity measures where data for each group were
fourth-root transformed to reduce the weight of the common species
(Anderson, 2001).Table 1
Spearman rank correlations (r-values) for all tested soil edaphic variables on growth form
% sand % silt % clay P N C AF
% sand 1.000 0.423 −0.599 0.303 0.696 0.544
% silt 1.000 −0.940 0.479 0.514 0.566
% clay 1.000 −0.577 −0.649 −0.665 −
P 1.000 0.477 0.490
N 1.000 0.963
C 1.000
AFR
PFR
AGR
PGR
GR
SR
TR
P, phosphorus (mg⋅kg−1); N, % nitrogen; C, % carbon; AFR, annual forb richness; PFR, pe
geophyte richness; SR, shrub richness; TR, total richness.
Values in bold are signiﬁcant at the 5% level.
n = 13.3. Results
Higher total species richness was shown to be a function of specif-
ically three plant growth forms, perennial grass richness (r = 0.888,
P b 0.05), geophyte richness (r = 0.738, P b 0.05) and shrub richness
(r = 0.599, P b 0.05) (Table 1). Measured soil nutrients had no rela-
tionship with either total plant species richness or any plant growth
form species richness speciﬁcally (Table 1). Soil texture classiﬁcations
had no signiﬁcant relationships with either total species richness or
the signiﬁcant plant growth form correlates of total species richness
(Table 1).
Generalized linear modelling (GLZ) showed that percentage rock-
iness across a meso-scale has a highly signiﬁcant inﬂuence on total
species richness (P b 0.001), as well as on the two strongest plant
growth form drivers of total species richness (perennial grass rich-
ness, P b 0.001; and geophyte richness, P b 0.001) (Table 2).
Overall, species richness was signiﬁcantly higher in the >16%
rocky category than the b8% rocky category (Fig. 1, P b 0.05). Only
two plant growth forms signiﬁcantly differed across the rockiness
classiﬁcation, perennial grasses and geophytes (Fig. 1). Within each
of these plant growth forms, there were signiﬁcantly more species
at the >16% rocky sites, as opposed to the b8% rocky sites, a similar
result to overall species richness (Fig. 1, P b 0.05). In addition, within
the geophyte group, the intermediate rocky sites (8–16% rocky) sig-
niﬁcantly differed from the b8% rocky sites (P b 0.05).
Overall, there was no signiﬁcant difference in species composition
across all sites when tested against a rockiness factor (Table 3). This
result was consistent with the perennial grasses and geophyte plant
growth forms.
Speciﬁed soil texture classiﬁcations did not differ signiﬁcantly
between rockiness categories (Table 4). Within the soil nutrients
tested, available phosphorus (P) was the only element which differed
across the tested rockiness categories, with the 8–16% rocky sites
having signiﬁcantly less available P than the b8% rocky sites.species richness as well as total species richness, as measured at the meso-scale.
R PFR AGR PGR GR SR TR
0.565 0.058 −0.136 0.300 0.499 0.104 0.440
0.457 0.581 −0.262 0.050 0.031 0.318 0.077
0.607 −0.519 0.228 −0.008 −0.045 −0.245 −0.071
0.462 0.330 0.182 0.074 −0.182 0.189 0.028
0.493 0.074 0.275 0.163 0.485 −0.012 0.275
0.389 0.114 0.313 0.055 0.390 −0.070 0.143
1.000 0.373 −0.217 0.394 0.141 0.502 0.272
1.000 −0.264 0.447 −0.076 0.541 0.411
1.000 0.013 0.002 −0.461 −0.114
1.000 0.557 0.656 0.888
1.000 0.200 0.738
1.000 0.599
1.000
rennial forb richness; AGR, annual grass richness; PGR, perennial grass richness; GR,
Fig. 1. Mean species richness (±1 SE) for all groups, and for each plant growth form individually, across three rockiness categories (n = 4–5). For each growth form, means with
different superscripts differ signiﬁcantly (P b 0.05).
Table 4
Means (±1 SE) for soil texture and nutrient classiﬁcations across a landscape rockiness
index. Within each classiﬁcation, means with different superscripts differ signiﬁcantly
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A complex set of abiotic variables often explain local, spatial plant
diversity patterns. Here, higher rockiness was an accurate surrogate
for higher montane grassland plant species richness across all sites.
It was most pronounced when comparing the two most extreme
categories of b8% and>16% rockiness. Furthermore, percentage surface
rockiness is potentially a surrogate for many other abiotic as well as bi-
otic variables.
High rockiness, or habitat ‘structural heterogeneity’, has been
shown to positively relate to desert species richness (Montaña,
1990). In South African Afro-montane grasslands, it was shown that
rockier areas supported higher plant species diversity (Crous et al.,
2013). However, in Argentinian montane grasslands, Cantero et al.
(2003), using subjective classiﬁcations of rockiness, stoniness and
soil depth, found no relationship between native species richness
and rockiness. They did, however, ﬁnd a signiﬁcant positive relation-
ship for stoniness and a signiﬁcant negative relationship for soil
depth, the latter being associated with rockiness (Stohlgren and
Bachand, 1997). In contrast, a negative relationship between rocki-
ness and species richness has also been demonstrated (Maccherini,
2006). Here, the sampling spatial scale is important for explaining
these inconsistencies in the literature. Maccherini (2006), for exam-
ple, studied a rockiness–species richness interaction at a small scale
(0.25 m2 plots), whereas here we focussed on a larger scale
(200 m2 plots), with the highest percentage rockiness measured
being 29%. Low species richness in small plots, where a single rock
could ﬁll most of the area sampled, is logical. Subsequently, ifTable 3
PERMANOVA analyses of the inﬂuence of a three-way rockiness factor on plant species
composition across all plant species recorded, across all sites, as well as for the two
plant growth forms that were signiﬁcantly different in species richness across the
three way rockiness factor.
df Pseudo-F P-value
Overall 2 1.33 0.065
Perennial grass richness 2 1.39 0.106
Geophyte richness 2 1.01 0.454
n = 4–5.rockiness is seen as an abiotic legacy (Turner and Dale, 1998), this
relationship between percentage rockiness and species richness is
consistent with a curvilinear trend. This means that at certain spatial
scales, there is likely to be low species richness associated with either
low or high rockiness, while at intermediate rockiness species rich-
ness will peak. However, homogenous areas of only rock surface are
less probable at a larger sampling unit size. This result is important
for inferences pertaining to rockiness–plant interactions within an
ecosystem. Also, as we used a sampling technique that adds line
and plot data, care should be taken to interpret this meso-scale
study with other studies using different sampling techniques. None-
theless, there seems to be an important measurable interaction be-
tween species presence/absence and levels of rockiness within a
habitat. Including more species, as this study only included a subset
of the high diversity of Afro-montane grassland species, would cer-
tainly further our understanding of this phenomenon.
Certain environmental factors can inﬂuence the species richness
of certain plant growth forms (Montaña, 1990). Speciﬁc plant growth
forms are especially responsive, either positively or negatively, to
certain abiotic factors (Dorrough and Scroggie, 2008). Consistent
with the relationship in overall species richness across the rockiness
categories in our study, were two particular growth forms: perennial
grasses and geophytes. This result, where plant growth forms re-
sponded strongly to higher rockiness, is consistent with a study of(P b 0.05).
Rockiness category
Edaphic factor Classiﬁcation b8% 8–16% >16%
Soil texture Sand (%) 15.57 ± 6.15 17.69 ± 2.42 19.59 ± 1.03
Silt (%) 53.1 ± 8.39 49.29 ± 4.27 50.31 ± 3.43
Clay (%) 31.33 ± 10.94 33.02 ± 6.58 30.1 ± 3.12
Soil nutrients Phosphorus
(mg⋅kg−1)
3.65 ± 0.74a 1.64 ± 0.44b 2.98 ± 0.43ab
Nitrogen (%) 0.33 ± 0.04 0.36 ± 0.06 0.37 ± 0.01
Carbon (%) 6.94 ± 1.10 6.87 ± 1.16 7.26 ± 0.10
n = 4–5.
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result of the heterogeneous conditions created through rockiness
within a landscape. Speciﬁcally, rocky areas are known to be strongly
correlated with geophytes (Hadar et al., 1999). However, our results
indicate that perennial grasses in addition to geophytes were driving
the observed higher species richness in rockier areas of our grassland
ecosystem.
There were no overall plant compositional changes between the
studied sites, nor for perennial grasses or geophytes alone. This is
an important result, as it shows that there is little or no exclusion of
any species when species richness becomes high as a result of high
percentage rockiness. Also, this implies that the majority of species
across this landscape (perennial forbs or herbaceous dicots) are
generalists, occurring across many variable microhabitats, at least in
relation to rockiness. However, there are specialist plant species,
within speciﬁc growth forms, which are ecologically associated with
rockiness, and this explains why rockiness determined the presence
of local plant biodiversity hotspots at this landscape scale. Indeed,
communities that are geographically isolated, but environmentally
similar (rockiness categories in this case), can be expected to have
similar growth forms or species richness (Auerbach and Shmida,
1987).
In essence, habitat specialists occur within these Afro-montane
grasslands, validating the concept that higher habitat heterogeneity,
as a function of various abiotic legacies, often exhibits more complex
resource differentiation and specialisation, even at small spatial scales
(Auerbach and Shmida, 1987). Still, it is inadequate to advocate abiot-
ic legacies per se as a cause for higher species diversity, without also
suggesting how or why such a physical ecosystem feature is possibly
inﬂuencing these plant diversity dispersion patterns (Roxburgh et al.,
2004). In other words, what confounding variables might exist for
varying levels of rock exposure in a landscape? Our results suggest
that geophytes and perennial grasses hold the key to explaining
these patterns.
Edaphic factors, such as moisture and nutrients, affect community
composition in space (Frank and McNaughton, 1991). Results from
our study showed that none of the soil texture classiﬁcations, as a
proxy for soil hydraulic characteristics, changedwith percentage rock-
iness. Likewise, soil nutrients across the various rockiness categories,
did not differ signiﬁcantly, except for P in the 8–16% rocky category.
Overall, therefore, these selected edaphic variables were not generally
associated with the rockiness categories at this meso-scale, while
plant species richness was, and strongly so. Subsequently, the ob-
served species richness–rockiness interaction in this montane grass-
land ecosystem could not be explained through attributes of certain
soil characteristics. This is in contrast to Maccherini (2006) who
suggested carbon and nitrogen levels explain variable levels of species
richness in grassland vegetation, in addition to rockiness. However,
the latter study was at a much smaller spatial scale, and again empha-
sises the importance of scale and inference within an ecosystem.
Moreover, other rock–soil interactions, such as microclimate, wind
erosion, shading and rooting depth, which could also impact on vege-
tation spatial distribution patterns (Poesen and Lavee, 1994), were not
tested here, which could also help explain this rock–plant interaction.
Plant biodiversity patterns across space may also be an artefact of
the ecological association of different specialist plant growth forms to
heterogeneous microsite conditions, as generated by ecological pro-
cesses such as ﬁre or predation (Kirkpatrick et al., 1988; Thomson et
al., 1996). Various levels of ﬁre disturbance can signiﬁcantly explain
variation in vegetation structure and composition of ﬁre-climatic eco-
systems such as grasslands (Bond and Keeley, 2005). Annual ﬁres
within managed South African montane grassland remnants signiﬁ-
cantly inﬂuence plant distribution (O'Connor et al., 2004). Differences
in ﬁre regime, whether in intensity, severity, frequency or seasonality,
can select for speciﬁc plant attributes within a burnt ecosystem (Bond
and Keeley, 2005). Speciﬁcally, the demography of some geophytespecies within rocky grasslands in France has been described as a
function of ﬁre, where their dispersion pattern could be explained
through the intermediate disturbance hypothesis (Diadema et al.,
2007). Similarly, perennial grasses are sensitive to severe defoliation,
especially during certain phenological stages, and variable ﬁre distur-
bance could therefore inﬂuence their presence or absence within a
community (Sarmiento, 1992). Rocky areas have been implicated in
lessening the disturbance factor (by reduced ﬁre intensity and severity)
and thereby providing refugia for many ﬁre sensitive species (Signell
and Abrams, 2006). In turn, this could drive the observed differences
in geophyte and perennial grass species richness (and overall plant
species richness) between low and high percentage rockiness (sensu
Kirkpatrick et al., 1988).
In addition, there is evidence that the higher geophyte species
richness in certain rocky areas might also be due in part to predation.
In the United States, Thomson et al. (1996) showed how a burrowing
gopher species was more prevalent in moist deep-soil pockets rather
than in rocky outcrops within the same landscape, while its food
plant (a geophyte) was more prevalent within the rocky outcrops,
indicating the physical constraint on the animal in rocky soils was
to the beneﬁt of the plant species. Grassland systems in South Africa do
have burrowing golden moles and mole-rats (Skinner and Chimimba,
2005), all of which eat bulbs and could be hindered by rocky soils.
Whether predation, in addition to ﬁre, also contributes to rockiness in
explaining geophyte distributionwithin this particular grassland ecosys-
tem remains to be explored.
5. Conclusion
Maintaining biodiversity is essential for promoting sustainability
of an ecosystem (Tilman et al., 2006). Furthermore, to understand
and conserve biodiversity patterns, we also need to understand the
drivers of species dispersion in space and time (Gaston, 2000). Here,
we provide insight into a phenomenon where a physical abiotic
factor, amount of surface rockiness at the meso-scale, helps explain
variable plant biodiversity patterns across the landscape within Afri-
can montane grasslands. As rockiness in a landscape can induce a
complex set of environmental conditions, we propose that the higher
plant species richness observed in areas of higher percentage rocki-
ness could be explained by rockiness creating higher habitat hetero-
geneity which leads to localised species specialisation. Moreover,
certain plant growth forms' (geophytes and perennial grasses) associ-
ation with rockiness are the main contributors to this observed differ-
ence in spatial dispersion of species richness. Thus, when an abiotic
feature such as rockiness is observed across a landscape, it provides
a picture of the spatial heterogeneity of certain plant functional
types, and aids in highlighting plant biodiversity hotspots within
these grasslands. This meso-scale study also highlights the impor-
tance of including rocky landscapes as a surrogate for plant diversity
when delineating protected areas within this montane grassland eco-
system. Further studies concerning ecological processes such as ﬁre
and predation, which seem to be confounding variables for this plant
biodiversity-rockiness pattern at a landscape scale (sensu Thomson
et al., 1996), as well as the effect of subsurface rock weathering on
plant diversity patterns (sensu Rutherford, 1983), is encouraged.
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